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WATER RESOURCES DEVELOPMENT PROJECT

 NORTH NASHUA RIVER BASIN

NOOKAGEE LAKE _
PHILLIPS BROCK, MASSACHUSETTS

DESIGN MEMORARDUM NO.

A, INTRODUCTION

1. Location and Description of Project. The Nockagee Lake Project
is located om Phillips Brook in the Town of Westminster and Ashburn-
ham, Massachusetts about 3.1 miles above the confluence of the brook
with the North Nashua River. (Plste 8-1) The project consists of a
rolled earthfill dem with a side channel spillway and appurtenant
structures, (Plate 3-2)

2, Per_tinen'b Data,

a., Purpose., Flood control, watér quality control and limited
recreation, |

b, Drainage Area at Damsite., 10.8 square niléa. |

c. Project Elevations, Mean Sea Level.

(1) Top of Dam ' 8.5

(2) Mm:i:m Surcharge Pool ' 8i1.7

(3) Spillway Crest . . - 835.0

(k) Water Quality Comtrol Pool  816.0

(5) Conservation Pool | 790.0

(6) Reoreation Pool (ILimited) | 790.0 to 816,0
d. Dsm ' | |

(1) Maximm height sbove stresm bed 105 feet
(2) Length 2,000 feet



/

- 3. Oeneral Notes. The resulis of subsurface investigatioms
and soils engineering studies undertaken for the design of the dam
embankment are discussed in this design memorandum. The subsurface
investigations included programs of subsurface explorations and
laboratory tests conducted to determine the distribution and char-~
acteristics of foundation and embankment materials and to determine
80il conditions pertinemt to excavations and to the design and con-
struction of the dam embankment and other project features, Soils
enginesring studies were conducted on the basis of data obtained
from these investigations to develop safe and esonomical earthwork
designs and construction methods,

B. SUBSURFACE INVESTIGATIONS

he Subsurface Explorations. Subsurface explorations were con-
ducted in acoordance with current criteria and practices as set
forth in Corps of Engineers Manuals EM 111(),—2-.‘51501',' .®Geological ..
Investigations® and EM 1110-2+1803, "Subsurface Investigations -
Seils," The majority of the explorations were drive-sample borings.
urbed sampling procedures wers attempted wmsuccessfully in
one dril)l hole in the dam foundakion area., The subsurface explor- -
ation program completed to date is considered adequate for the de~

“gign of the dam embankment. The locations, types and gemeral pur-

poses of the explorations are discussed in Design Memorandum No, 7
"Site Geology." |

5. laboratory Tests. All soil samples were visually classified -
according to %& Tnified Soil Classification System, This visual
classification was confirmed for repredentative samples by grain
size analyses and detemminations of Atterberg Limits. Selected
gamples were tested to determine matural moisture comtent, compac-
tion characteristics, permeability, consolidation characteristics
and shear strength. All laboratory tests were performed in ac-
cordance with the provisions of EM 1110-2-1906 "Lsborastory Solls
Testing." S ’ e

6. Pregentation of Data, Summarized soil test results are pre-
sented in Appendix A. Detailed shear, consolidation and compaction
test reports ave indluded in Appendix B, Log profiles of the dam
embankment foundation, based upon engineering soll reports, are
showm Plates 8-l through 8-8, These engineering soil reperts
were prepasred for all pertinent explorations by the design soil
engineer with the aid of laboratory test data and the assistance

of an experienced soils olassifier. The reports include desorip-
$ions of the soils and soil strata based on the Bngineer's exami-
nation of the samples and his interpretation of the test results



and exploration records, The descriptions cover soll comsistency,
estimated or measured percentages of the soil components, color,
stratification, presence of foreign material, geological names and
other information of significance in establishing soil character-
istica for design and construction purposes. Selected laboratory
test data are shown on Plates §-10 and 8-11,

C. CHARACTERISTICS OF FOUNDAT TON S0I1S
7. Distribution and Descripbion,

a, {eneral., Reference is made to the engineering log profiles
(Plates B-]; through 8-8) for details of the distributiom and descrip-
tion of embankment foundation soils. The embankment foundation area
is capped with from 1 to 2 feet of topsoil and forest litter over-
lying fyom 5 to 30 feet of highly variable glacial outwash and al- -
luvial deposits. On both abutments, these overlis a very compact
glacial +1ll deposit, extending to the bhedrock surfaca, In the valley,
the till deposit becomes thimnner and intemmittent and is overlain by
& dapogit of styratified sandy silt and silty fine sand up to 60 feet
thicki For convenience, these deposits will be referred to hereafter
as follows: ‘

Zome A - (lacial outwash and alluvial deposits
ome B - Stretified sandy silt and silty fine sand deposit
Zone C - Glacial t111 deposit '

b, Zonme A. The soils in this zone consist of roughly and
erratically stratified, highly variable, moderately compact to cam-
pact, nonwplastic, gravelly silty sand and silty sandy gravel with
a few lense and pockets of gravelly sandy silt, Cobbles and boul-
ders are scattersd throughout the zone with occssional local con-
centrations., Gravel conmtents of the ‘sands range from O to 50 per-
cent., Silt contents of all the soils vary widely from less than 5
percent to 50 percent of the component. passing the No, k4 Sieve,
There are occasional strata of soils having gradations typical of
those in the glacial t1ll deposit (Gone C).

¢. Zone B, The sclls in this zone generally consist of
stratified, very compact, non-plastic, sandy silt and silty fine
sand. The thickmesses of the strata range from 1/32 inch to
several inches, There are occasional layers of relatively ¢leen
fine and medium to fine sands, There are alsoc a few layers of
solls having gradations typical of those in Zome C., Although this
zone is generally free of cobbles and boulders, a concentrstion



of cobbles 12 feet thick was encountered in one boring within this
zone, - Natural water contents of samples from this zome indicate -
in-situ dry unit weight rang:l.ng from 105 to 130 p.c.i’. and averaging
about 115 pQCch

d. Zome G. The soils in this zone consis'b pr:l.ncipally of
unstratified, compact to very compact, cobbly, bouldery, gravelly
gilty sand, These soils are non-plastic except for a few small in-
clusions of gravelly sandy clay and gravelly siliy clayey sand,
Gravel contents generally range from about 5 to 25 percent. Fine
contents range from 30 to 60 percent of the component passing the
No. L4 Sieve, Nastural water contemts of samples from this zone in-
dicate in-situ dry unit weights ranging fram 115 to 140 p.c.:!' and
averaging about 131 p.c..t‘.

8, Permeability Characteristics., Permeability test.s were not per-
formed on sampies o embankment foundation soils, The following
ranges of permeability characteristics have been estimated on the
basis of visusl examination of the samples and their grain size
curves :

| Ky n/Ky
Em__;_ s0¢

A 1 to 1000 x 1074 9

B . 1t0100x 107 16
c 0.1 to 1.0 x 107 L

9, Consolidation Characteristics. Comsclidation tests were not
performed on samples of the embankment foundation soils. The soils
in Zones A and C are of types normally exhibiting low to very low
compregsibility, The Zone B soils, although normally of higher. .
compressibility, are also considered to be of low compressibility
in this case due to their high in-situ densities, ILittle or no
poet construction foundation settlement is anticipated under. the
proposed embankment loading.

10, %, Shear tests wers not performed on samples
of emban "Toundaticn soils. The following shear strength pa-
rameters represent conservative estimates based on examination of
the samples and their grain size cwrves together with experience

with similar materials: '




g c

Zone degrees T.5.F.
A 35 0
B* 25 0
- C 30 0

*21s0 spplicable for possible silt layers in Zone A.

r

D,  CEARACTERISTICS OF FOUNDATICN BEDROCK

11. Bedrock Foundation for Dam Embankmemt, The bedrock consists
of granitic schist with scatbered zones of fine-grained granite
and mmerous but generally thin pods and lenses of pegmatite.
Bioctite mica occurs abundantly throughout in thick, felted, concen-
traticns and talc occurs locally as thick lenses in the schist,
The schist and the granite are generally dark gray, hard, fine-
grained and fresh., The pegmatite ranges from light gray to pink
and 1s very coarse-grained, haxd and fresh., Foliation in the
schist is generally horizontal or dips at very low angles, The
upper zones of the rock to depths in the order of fifteen (15)

to twenty (20) feet are very closely jointed with joints which

are horizontal or dipp:lng at low angle, Secondary joints dipping
at approximately 309, 45°, and 60° are also commom throughout,
Weathering has progressed commonly along the foliation planes and
joints to depths of ten (10) feet and more rarely to depths up to
30 feet. The bedrock surface is rough and irregular with numerous
shallow ridges and troughs typical of schist, A doubls-line
grout curtain will be constructed in the bedrock along the eastern
edge of the upstream impervious blanket and in the shallow bedrock
on the left abubtment under the cut-off for the embankment,

12, Bedrock Foundation for Concrete Structures. Foundations
for the spillway weir and assocliated wallis are located generally
well below the surficlal zone of loose and weathered rock. At
such depth the rock is hard, generally sound and should require
only nominal treatment such as removal of loose joint blocks and
clean~-out of slightly westhered seams to provide sstisfactory
foundation for the proposed structures, Pre-splitting will be re-
quired and line-drilling will be utilized as feasible to comtrol
breakage for final excavations. A single line grout curtain will




be constructed in rock wnder the spillwey walls and weir. Drain
holes will be provided as required beneath structures, walls and
slabs, Detailed discussion of bedrock conditlons in relation to
concrete structures is included in Design Memorandum No. 7, "Site
Geology" and Design Memorandum No. 9 "Detailed Design of Struc-
tures,”

E. CHARACTERISTICS OF EMBANKMENT MATERIALS

13, GQeneral. The mequired project excavations will not provide
sufficlent material for the comsbtruction of the dam embankment. Re-
connaigsance for sources of borrow resulted in the location of :
geveral glacial till deposits near the site, Of these potential
sources, the deposit in Ares A (see Plate 8-9) was selscbed en the
bagis of the adequacy of the material therein as to quantity and
guality; its potential for econamical development as a borrow area
and the lesser envirommental impact of its selectlon as compared
to other sources, Thse reconnaissance indicated that there were no
economically feasible borrow sources of embankment drainage ma-
terials and gravel bedding near the site, These materials, comse-
quently, will be furnished by the contractor from commercial -
sources within a 15-mile haul,

b  Impervious Embankment Material.

a. QGeneral. Impervious embankment materdial will be obtained
from a borrow area developad in the glacial till deposit in Ares A,
This area is located on the right wall of the valley about 4,000
feet downstream of the damsite. The area is undeveloped aml covered
for the most part by a moderately heavy growth of brush, Ita teop-
ography lends itself to the development of drainage and sedimenta-
tion systems for the control of waterborne silt during and after
construction, Borrow operations in this area are considered to
have a potential environmental impact no greater than that in any
of the other practicable sources near the damsite.

b, Distribution and Description. Thea overburden in Area A
consists of a 1 Lo 2-foot capping of topsoil and forest debris
overlying compact to very compact, bouldery, cobbly, gravelly
8ilty sand, Gravel contents rangs from 5 o 35 percent with silt
contents varying from 30 to 55 percent of the componemt passing the
'No, ly Sieve, The material is generally non-plastic. Stone counts
made dwring the excavation of test pits indicate that oversize
stone may account for as much as 10 percent of the volume of imper-
vious embankment material obtained from this source, In view of
this, it is planned to specify removal of oversize stone by screen-
ing,




¢ - Permeability Charscteristics., Permeability tests were
performed on two samples of impervious embankment material., On the
basis of the resulis of these tests and of visual examination of
other samples and their grain size curves, it is estimated that the
vertical coefficient of permeebility of ccmpactgﬁ impervious em-
bankment material will range from 0,1 to 1.0x10~4 cm/sec. The
horizontal coefficient ie expacted to be about four times the ver-
tical,

de Consolidation Characteristics. A consolidation test was

performed on a sample considared wrepresentative of the impervious
embankment material (BT 2, B-3). The test specimen was prepared at
a water content two percenb above optimum and compacted to 97 per- .
. cent of maximum test density. The test resulis indicate a canpres-'
sion index (C,) of 0,040 and a coefficlent of comsolidation (Cy)

of 0,57 om2/sec. at a loading equivalent to the maximus embankment
load, On the basis of the test results and experience with com-
pacted £ills of similar materials, it is anticipated that most of
the settlement within the £i13 will occcur during sonstraction and
that poat-construction settlement will be negligible,

e, . Compaction Characteristics. Standard compaction tests
were performed on two representative samples of impervious embank-
ment material with the following results:

Group Letter | Maximum Optimum -

Sample .. __Symbol - - Dry Density Water Content
BT-1l, B-6 - sM 122,0 10,9
B2, B-3 . sM 12h.6 9.8

In-situ densities as indicated by natural water contents aver-
age -over 100 percent of maximum dry demsities. Natural water con-
tents generally range from optimum to about four percent sbove opti-
mum, It is anticipated that with adequate drainage of the borrow
area during excavation and a minor amount of moisture conditioning
during placement, placement moisture comtenmts can be held within a
zg:ciﬁed range of from two percemt below to two percent ahow

fo Shear Strengthe. Sample BT-2, B~3 was selected for shear
testing as belng typical of the impervious embankment material to
be obtained from Area k. Triaxial Q and R type tesis and direct
shear S type tests wers performed on specimens prepared at the follow-
ing water contents and densities:




Water Content

Test, (Moulding) Density
1 Optimum W, C, = 2% - 97% max,
2 Opbimun W, C. | 97% max,
3 Optimum W. C. + 2% 97¢ max,
k Optimum W. C, 100% wmax,

The Q and R tests were run at controlled strain rates of 0.2 and 1.0
percent per mimute, respectively. Specimens for the R tesis were
gaturated by the back pressure method. Detailed shear test reports
(ENG Forms 2089 and 2092) sre included in Appendix B, Shear styength
envelopes for the test and design strengths are shown on Plate 8-12,

15. Random Embankment Meterial, Random embankment material will
be obtained Irom the required earth excavations for the outlet works
and the spillwsy channels. These excavations will be made in Zones
A and C of the foundation (See Par, 7). While the material will be
highly variable in character, it has been assigned the same physical
characteristios as the impervious embankment material for design

purposes. -
16, Embankment Drainage Materials and Gravel Bedding.

a, (Qeneral, As discussed in Paragraph 13, embankment drainage
materials and gravel bedding will be furnished by the comtractor
from commercial sources, Embankment drainage materials include those
for pervious £ill, drainage £ill and gravel £ill.

b. Oradation 3peciflications.

(1) Investigations of the potential sources of embankment
drainage materials and gravel bedding indicate that the following
gradatlion specifications can be satisfied by materials available
from commercial and undeveloped sowrces within a 1S-mile haul, The
specifications for materials functioning as filters have been es-
tablished according to the filter design criteria set forth in
EM 1110-2-1901, "Seepaga Control.*

(2) Garavel Bedding. Gravel bedding material shall con-
alst of bank-run sandy gravel or gravelly sands. The material shall
be reasonably well-graded between the following limits:




Sieve Size - ‘Percent Pabsing |

(U.S. Standard) : by Dry Weight
6<inch 1000 .
1-inch 5085
No, L 30-60
No. 16 15-40
No, 200 0-5

= (3) Gravel Fill, Gravel fill material shall meet all re-
quirements specified for gravel bedding with the additional require-
ment that no more than 10 percent, by dry weight, of the componment
. passing the No. 4 Sieve shall pass the No. 200 Sieve,

(4) Pervious Fill. Pervious f£ill msterial shall consist
of approved bank-yun, reasonsbly well-graded gravelly sand or sandy
gravel. Of the coamponent passing the 3-inch Sieve, between 30 and
. 75 percent shall pass the No. lj Sieve. Of the component passing the
No. )i Sieve, between 10 and 50 percent shall pass the No. LO Sieve
and no more than 10 percent shall pass the No. 200 Sievs.

(5) Drainage Fill, Drainage £11l material shall consist
of sand processed a8 required to meet the following gradation re-
quirements:

| ‘Sieve Size ' Percent Passihg

(U.S._Standard) by Dry Weight
| 3/8-inch 100
Koo k o 95=100
 No. 16 . 5580
Wo.S0 1028
No, 200 - 02

NOTE: This gradation specification is the same as that used by the
Magsachusetts Department of Publiec Works for fine concrete apggregate.



abilit . Permesbility tests were nub performed on
samples of Eﬁanlmenf drainage materials, On the basis of the
specified gradations and experience with similar materials, the fol-

lowing permeability characteristica have been assigned to compacted
£11ls of these materlals. .

Material dm/geo Kh‘v
Gravel Fill over 100 x 107% 9
Pervious Fill ovei- 100 x 10"!" 9

Drainage Fill  over 200 x 107% 9

_ d, Shear Strengths., Shear tests were not performed on samples
of embankment drainage materials. On the basis of the specified -
gradations and experience with similar materials, the following shear
strengbh parameters have been assigned to compacted f£ills of these ma-
terials:

Material - § degrees e -T/sq. %,
Gravel P11 Y S
Pervious Fill 35 | 0
Drainage Fill ¥ . o

17, Rock Protection. Rock for rock protection and riprap will be
aveilehle from required excavations in rock, The rock consists
mainly of granitic schist with scattered thin zones of fine granite
and very coarse pegmatite., The essentially horizontal foliation
and close jJointing will tend to result in producing thin, flat,
slabby fragment shapes particularly in the upper, shallow zones of
‘the excavations. Breakdown of highly miocaceous phases and pegmatitic
zones in the rock during blasting and handling will tend to produce
congidersble fines, Fines will also result from weathered zones in
the rock and mud-filled seams, Field segregation and wasting of
dirty rock would be very difficult during construction and losses
from wastage would not be within tolerable limits. It is, there-
fore, considered necessary to process the blasted rock over a
keinch bar grizsly to remove the surplus fines. The surplus fines
will be uwtilized in the random f£ill section of the dowmstream berm,
It i= estimated that the rock will bulk by a factor of 1l.h over
in-situ volume. Losses incurred in blasting and handling will
largely offset bulking and a factor of 1.0 of the in-situ volume is



considered realistic for estimates of the quantity of available ussble
rock, If additional rock is required above the quantity available
from currently planned excavations, it can be obtained by quarrying
from the hillside upstream from or above the spillway approach chan-
nel, All precautions will be taken to avoid encroachment which might
damage scenic or uther aesthetic values on Buck Hill. -

F. DESIGN OF EMBANKHENT

18. Design Criteria. The design of the embankment for 'bhis project
was developed 1n accordance with the criteria set forth in

EM 1110-2-2300, "Earth Embankments" and other manuals and publica- j
tions referred to therein. ‘

19, Materials for Bwbankment construction.

a, General, The quantities of embankment materials avail-
able from the required and borrow excavations and their proposed '
ubilization are indicated on the preliminary materials usage chart o
(Plate 8-25). The quantities shown are subject to modification °
during the preparation of contract plans and specifications, The =
embankment has been designed so that most of the materials from the;'
required excavations can be utilized in the embankment without = ~
stockpiling. :

be Required Earth Excavations., It is estimated that about
210,000 ¢,y. of suitable random fiil meterial will be available o
from the required earth excavations. '

~ Reguired Rock Excavatlcns., It is estimated that about
56, 000 ¢.ys of TOCK excavation will be required for this project.
It is expected that after screening, this will furnish an equiva-
lent volume of rock protection material and from 10,000 to 20,000
ceyes of rock fines, The fines will be incorporated into the ra.ndom
£ill portion of the downstream berm. :

de - Borrow Excavations, About 1,080,000 c.y. of earth bor- “
row will be required for the embankment, This will be cbtained
from a borrow area developed in Area A, | :

6. Contractor Furnished Materials, Gravel bedd:.ng, gravel
£i11, pervious fill and drainage_fill materials will be furnished
by the contractor. _




20, Selection of Embanloment Section. . The selection of the dam. em-
bankment section was heavily :Lnﬂuenced by the availsbility of

large quantities of impervious £111 material from a nearby borrow .
source, the great depth of excavation required for the construction
of any foundation cut-off in the valley and the presence of a strati-
fied sandy silt and silty fine sand deposit in part of the founda-
tien. The selected section is shown on Plate 8-15, This section
consists of a large impervious. f£ill zone with & contiguous imper-
vious upstream blanket, a downstream zone and berm of random £ill,

an inclined internal drain of pervious £ill with a contiguous hori-
zontal drainage blanket of pervious fill and drainage £i11 and _
layers of gravel bedding and rock protection., 4 foundation toe
drain of drainage £ill is included in the valley. _

21. Slope Protection. About 68,000 cubic yards of rock protec-
tion material will be required. About 56,000 cubic yards of this
wlll be availsble from the required rock excavations as presently
laid out. The possible 12,000 cubic yards deficit will be made uwp
by either revising the. rock excavatlorn lines or through the estab-
lishment of & small rock borrow area, The proposed 3-foot rock
protection layer on the upstream slope will furnish more than. sde-
quate protection against the action of waves up to the maximm
expected height of 1.7 feet.

22, Seepage Contrel,

a. Seepage through the embarkment will be controlled by
the arrangement and differences in permeability of the impervious
£i1l zone and the imternal drain and horizontal drainage blanket,

b. Foundabion Seepaga. Seepage through the overburden in
the dam foundation will be controllsd, in the valley, by an im-
pervious upstream blanket dimensioned so as to limit the founda-
tion seepage gradient to 10 percert for the maximum pool. On the
abutiments, foundation seepage will be controlled by shallow im-
pervious foundation cutoffs to the Zone C foundation soils or
bedrock., These cutoffe will be conmtiguous with similar cutoffs
along the sides of the blanket, A foundation toe drain will be
provided in the valley to control the emergence of foundation
gseepage. This drain will be provided with a perforated collector
pipe to facilitate seepage measurements,

: ce See Along Bedrock Surfaces. The embankment will
be in contact %EE the Ee&rock surface at the extreme left sbut-
mernt, In order to avoid the detrimental effects of seepage
along bedrock surfaces against which impervious fill is to be
placed, such surfaces will be prepared by:



(1) The removal of all soil and loose rock fragments

(2) The removal of 211 overhangs and irregularities in
the bedrock surface which could interfere with the propexr place-
ment and compact:l.on of the impervious i‘ill material. i

(3) The cleaning and mortaring of all cracks and open-
ings in the bedrock surface.

d. Quantity of Seepage., It is estimated that the total
quantity of seepage through the embankment and its foundation will
be on the orders of magnitude indicated below: o

Pl . Q-cfs
c(mservatn.on, ‘El, 790 043
Water Quality, El, 816 0.6
Max:lmm, El. 8l41.5 0.8

23 Ehubankmen'b S‘tabili‘by

"a. General. The embankment section for the dam has been
analyzed for stability against shear failure by the sliding wedge
and the modified Swedish circular arc methods, In using the latter
method, the effects of forces on the vertical sides of the slices
have been ignored, The design shear strengths and unit welghts .
used in the analyses were selected cn the basis of laboratory teet
results and experience.

b. Conditions Analyved, The eonditions for which stability
analyses were done are those prescribed and discussed in
EM<1110-21902, "Stability of Earth and Rock-Fill Dams," Speoial
assumptions considered for certain of these conditions are dis-
cussed below,

(1) Case I - End-of-Comstruction. Two possible foun-
dation situations were considered in the sliding wedge analysis
of the end-~of-construction condition, In one instance, the pre-
sence of a shallow layer of relatively weak silt in the embankment
foundation was assumed. In the other, it was assumed that there
was a silt layer at the top of foundation zone B subjected to an
artesian head of 10 feet above the ground surface. Neither the
shallow silt layer or the artesian condition were considered in
the circle analysis. ‘
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(2) Cases IT and III - Sudden Drawdown. In establishing
the minimm pool elevation Zor the drawdown cases, consideration was
given to the fact that conmtinuous drawdown from maximum or spillway
pool levels will seldom proceed below the water guality pool level
(Elev, 816) and only under exceptional conditions to the conserva-
tion pool level (Elev, 790). For purposes of these analyses, it -
has been assumed that continuous sudden drawdown may proceed to Elev,
7680 or 10 feet below the comservation pool. ‘

ce Selection of Design Values.

(1) Unit Weights., TImpervious and random £ill materials
will be compacted with & shespsfoot roller, as described in Para-
graph 28, in accordance with a compaction specification previously
used by this Division for embankments of simllar materlials, PFills
compacted in accordance with this spscification have averaged about
98 percent of maximm test density., The design wmit weights for
compacted impervious and random f£ilis, therefore, have been selected
on the basis of compaction test densities adjusted for the amtici-
pated degree of compaction and to include the weight of the average
stone content. Unit wedghts of the other embankment materials have

“been selected on the bagis of experience with similar materials,
Talt weights for the foundation soils have been selected on the ‘
‘bagis of experlence supplemented by such test data as natural water
contents and specific gravities, The selscted degign unit welghts
are tabulated below: '

Material Dry  Moist  Saturated Bouyamb
Rock Protection and Gravel |
Bedding 16 120 140 776
Impervious and Random Pills 128 1o - us 82.6
Pervious and Drainage Fills 130 1o 145 82.6
Poundation ~ Zone A | - - 10 77.6
Poundation - Zone B - - 135 72.6
Foundation -~ Zone C - - .‘ ].hS - B2.6
(2) Shear Strength., The design' shear strength parameters
oy impervious ave veen selected on the bagis of laboratory

. shear test wesults, As a significant portion of the random £ill ma-
terial will be similar inm character to the impervious f£ill material,
random and impervious £ills have been considered identical with re-
spect to design shear strength, The design shear strength parameters



» for obher embankment £ills and the foundation soils have been selected
on. the basis of experience with similar materials, The selected design
shear strength parameters are tabulated below: -

Material : © Design Shear Strength Parameters
. Q@ Combined s

| g ¢ P s 4 (3
‘Rock Protection ' = “« e - 40° 0
Gravel Bedding - - - - ' 35° o
Pervioua and Drainage - @ = - = 35° 0
Impervious and Random 33° 0,20 19° o.70TSF(a)3L®” 4

Fills TSP 270 0.35TSF(b)

Fouridétim S - . - o
Zone & - .- - - 35° 0"
ZmeB. . .. . . = = - - 25° 0
Zone C (Same as Impervious and Random Fills)

(a8) PFor sudden drawdown (Cases IT and III), Use S
shear strength whe:re._nomal_stmsses are less than 2,1 T.S.F. :

(v) For partial pool and steady seepage (Cases IV,
V and VI) Use S shear strength where normal stresses are less than
2.1 T.S.F,

(3) ‘Seismic Coefficiemt. The Nookagee project is located
within Seismic 7Zome 2. The appropriate seismic coefficient for this
zone 1s 0,20, (See Fig, 6, EM 1110-2-1902),

d, Sections Analped. The upstream and downstream portions of
the dam embankment at Station 10420 were selected for stability
analysis since the maximum embankment height ocours at this locatiom
together with a significant thickness of the weaker Zons B foundation
solls, ‘
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. - 8. TUse of Computer, A (B 427 electronic computer was used in
these stabilily analyses, Critical circlcs and sats ot phnos for
each case were checked manually..

. T Rasults. Sumaries of the results of the mbanlment
‘stabllity analyses are shown on Plates 8-17 through 8-19, Typical
analyses are shown on Plates 8-19 through 8-2i. The miniwwm facters
of safety against shear fallure are tabulated below, These are con-
sidered adequate and indicate that the selwhed embankmnt section
is safe against shear failure,

Condition Minimum Factor of Safety - Criteria
I. End of Construction |
a. D/S.Wedge :
' (1) Shallow Silt Layer 2,1 _ - 1.3
(2) Artesian Conditien 2.0 g S

b D/S Circle . b 107 . 103

IZ. Sudden Drawdown frem
Max, Pool {Circle) 1.3 1.0

‘III.Snddennnudom from L - o
Spillway Crest (circle) 1.3 . _ 1.2

IV. Partial Pool (Cirels) . . | |
" Pool at Elev, 77605 ) 1.6 : 1.5

V. Steady Seopage from _ ,
Max, Storage Pool . , : .
{Circls) 1.6 : 1.5
(Wedge) o 1.9 1.8

VI. Steady Sespage from
Surcharge Pool
(Cirels) L5 Lol




Condition Minimum Factor of Safety Criteria

Case I | 1.2 (Cirele) : ‘ --‘-:'1.0_':

v 1.0 (Circls) 1.0
‘v 1,0 (Circle) 10

2L, - Settlements. Consolidation test results indicate that settle~
ments within the impervious f£ill zone of the dam embanlonent may ap-
proach a maximum of 3 feet but that practically all of the settlement
will take place during construction. The other embaniment materials
-and most- of the foundation soils are of types exhibiting low campres-
sibility,  Portions of the foundation Zone B soils are somewhat come
pressible but in this instance appear to have been preconsolidated -
and to be well draired by the interbedded sand layers. Settlements °
within the embanikment and in its foundation, therefore, are expected
to occur mostly during construction with little significant poﬂt-—
construction settlement, \

25, -Instrumentation, No instrumentation is planned for the dam em-
bankment, Data from the copsolidation test and experience with simix
lar embankment materials indicate that construotien pore pressures’
will be insignificant. The character of the embankment materials is
such that significant horizontal or vertioal movements are norb antici—
pated.

26. D:l.gposal of Unsu:.table Materials. All topson.l and other sur-
ficial deposits of organic Soils will be removed from the embankment
foundation area and, to the extent practicable, salvaged for use as
topseil. Any of these materials not thus salvaged will be placed

in the spoil f£ill along the upstream toe of the embarkmenmt or in
designated spoll areas., No spoil area n:l.ll be located w:l:bhin 100 :Beet
of the downatream toe of the dam.

27. Construction Gons:lderations.

a, Dewatering. Dewatering will be required for all areas in
which compacte is to be constructed including the foundation
toe drain and the conduit. The dewatering of other areas will be re-
quired to the extent necessary to facilitate comstruction operations.
All earth excavations will be done in the dry except that for the in-
spection trench at the upstream edge of the impervious blanket. It
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is antieipated that the required dewatering generally can be accom-
plished by normal methods such as ditehing, dofferdamiing and epen
pumping. Well polrnts may be necessary for the comstruction of the
foundation toe drain in the valley. '

b, Rate of Ewbaniment Constructiom, The topography of the
site and The Jength of the dam embaniment are such that embankment
. oonstrction in partial reaches is neither practicable nor desir.
able, Mull length embankment construction thersgfore will be re-
quired, Generally, it will be required that sones of embankment
£i11 be constructed to the same level at all times except for a
slight drainage slope. Exceptions will be permitted to allow the
advance comstruction of the permanent cofferdam and of the downstream
random, pervious and drainage f£ills, so as to pemmit direct sbilisé=" """
tion of materials frem the required excavatious, - o

c¢. Comstruction of Service Bridge Pler and Abutment, The
service bridge pler and sbutment will be Tounded on embankmemt £511,
In order to avoid any possible movement of these structures dus to.
£i1l deflections during comstruction, the foundatioms will not be
started until the embankment has been completed to within 3 feet of
the top of the dam, ‘ oo - .

28, Methods of Fill Gompaction.

a, rvious and Random Fills, Impervious and remdom £i11 -
materials be spread in layers of not more than 8 inches loose -
thickness at moisture cemtents within 2 percentage points of epti-
mum, Each layer will be compacted by at least 6 complete passes
of a tamping roller. The roller will censist of a heavy-duty doubls
drun unit with a minimum drum diameter and length of 60 inches, The
roller will be of a type weighing no more tham 2,000 pounds per foot
of drum length, empty, and at least 3,500 pounds per foot of drwn
length, weighted. : ' : : .

9. Other Fills., Pervious, drainage and gravel fills will
be spread in layers of no more than & inchee loome thickness at
- such moisture contents that excessive dust or rutting will not ec-
cur, Each layer will be compacted by at least 6 coverages of the
tread of a crawler type tractor of a type weighing at least 35,000
pounds and exerting a tresd pressure of at least 9 pounds per
square inch.

18



G ' PERMANENT CUT SLOPES

29. Earth Cut Slopes. I.ayera of rock protection and gravel bed-.
ding will be constructed on the permanent earth cut slopes of the
splllwdy, intake and outlet channels which are subject to damage
from the action of waves, curremts, mm-off, seepage or frost.
Elsewhere, these slopes will be topsoiled and seeded, The final
earth cut slopes in the borrow area will be finished to slopes of o
1 on 3, or flatter, and topsoiled and seeded.

30. Rock Cub Slopes. Foliation and major jointing are. aasentially
horizontal or dipping at very low angles in the granitic schist

which constitutes the main bedrock in the areas of rock excavation

_ for spillway and discharge charmel, For this reason, there is no
particularly favorable orientation for alignment of excavations in .
regard to bedrock structure, The permanent cuts in the rock are up
to approximately 4O feet in depth below the rock surface and through-
‘out most of the excavation the depth of cub ranges frem 30 to 35°
foet, Side slcpes of lj vertical on 1 horizontal are considered rea-
sonable. Because much of the excavations will be in the upper clesely
Jointed and weathered zones of the bedrock, overbresk and ravell:!.ng
along the crest of the excavation must be expected, ' ILikewise in ° -
scattered areas where the foliation is variable and contorted or .
where pegmatite ztnes are encountered in the schist, brealcage earmot
be prac::.sely controlled and overbreak amd fallout will occur. Close
control of breakage will be attempted, however, by presplitting me-
thods and locallly by line drilling for final structure excavations,

H. FOUNDATIONS FOR CONCRETE STRUCTURES

31, General,  The spillway weir and’ wingwalls will be founded on
bedrock a8 described in Paragraph 12, The gate tower and outlet
conditit will be founded on earth as described below, The service .
bridge pier and sbutment will be £ou.nded on embuﬂunent £i11 as dis-
cussed in subparagraph 27¢c, o

32, Gate Towsr. The gate tower will be founded in the glacial
111 deposit on the right abutment - (Foundation Zome C as described
in paragraph 7). In view of the high natural densities and other
characteristics of these soils, little or no settlement of the tower
is anticipated at the proposed loadings. _

33, Outleb Conduib. Within the embarkment foundation, the conduit
will be constructed in the glacial till deposit (Foundation Zome C),
Beyond the downstream toe of the embankment, the ¢onduit will be in
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stratified soils typiecal of Poundation Zone B, The in-situ densities
“of the foundation scils for the conduit are very high and significant
settlements of the conduit are not anticipated, To allow for possible
settlement and foundation spreading during construdtion of the em-
baninent  over the ¢onduit, however, the conduit design will inelude
the following spoaial featuras. The conduit jeinte will be provided
with collars and waterstops designed so as to assure the integrity
of the conduit at Joint movements up to 12 inches, The invert grades
of the conduit will be esteblished s0 as to allow for differential
settlements of up to 12 inches between the mbanhnent toss and the
embankment centerline,

|

I. W&L CORS IDERATIONS

34, _ General, The overall envirommental impact of this project FP
) diaouamesi@ Memorandum No, 2, Genersl Design. The following
‘discussion is limited to the major errecta of the construction opera~
tions upon the envircmment of the project eite and the methods pnro-
posed to alleviate them. , .

35, Ve ative Cover, Large portions of the existing vegctatiie N
cover at the dmusite and in the borrow ares will be destroyed or ..
disturbed during construction., In order to avoid excessive am:lon
in the affected areas, provisien will be made for the expeditious
establishment of a grass cover wherever practicable, In gmeral, :Lt '
is intended that all permement earth cut surfaeces exposed during a
eonstruction season will be topsoiled and seeded by the end of thah
season, _

- 36, Silbing., Minor amoumnts of fine soil particles will tend‘t‘o

' enter the stream from exposed earth cut and £il1l surfaces during
construction, Provisions will be made to alleviate this problem to
. the maximum extent practicable, The chief provisions to this end
will include the imstallation of drainage ditches with settling
basins in and around the excavation areas. Provision will also be .
made for the possible construction of a low weir in the -tream to
form a settling basin downstream of the project.

J. COST ESTIMATE '

37. The latest detailed cost estimate for this pa:'ojoct is pre-
gsented in Appendix C,
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Shear Strength Parsmeters E Void ratic e | 0. 428 2. 403 g, 420
va 252 ° Stresc. Tl £t 5| 0.54| 5.24] ¢.48
tan ¢ = 01 470 E%Jr"e‘sig?i'%}ga g1 (01'03)1“_:51 2.¢! 7’29 ViEid
em __&L.T/sq ot Time to felflure, min Itf /574 45.2_ 432
lllethod‘ of saturation percent/sin o246 | 0016 ) 016
/% : < N -
" Backpressaie oot raviedor (s U | —0-33 | 40,67 FELE
Direnc: BVoa £t (or-03)ne| 2:56 | 4.48%| Jo1 10
D Controlled stress Initial diameter, in. |D, | 2. 60 | &80 | 2 ED
Comtrolled strain Initial hetght, in. B | 4.3/ | .32 | 4.3/
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Type of test O | Type of specimen (.. ,/7es/
Classification Gipue/ly I/ y SAND (M)
W NP PL NP PI NP Do ¢.012 ¢, 270
{ Progect Woskog=e Lake
Area
Boring No. /K7™ Sample No. fr-3
2V s~ /20 vate Jcf, /97/
thcef § e TRIAXIAL COMPRESSION TEST REFORT .

ENG FORM
1JUN &8

289 (EmM 1110.2.1902)

PREVIOUS EDI TIONS ARE OBSOLETE

TRANSLUCENT

PLATE NO. B.16



ENG FORM
1Jun &3

2089 (EM 1110.2.1902)

Ie 1
: : :
& " _ *; 7 Y
Ry g ; '
)
e
- E . §
& s’ i
4 ZaRans S
g i
< 5 /o /2 2o
£ff. Bormal Stress, g, T/eq £t
Test Fo. / e 3
Water content ' < % 4 ]
g Void ratio eq
a‘ Saturation 8o % % 3 %
Dry ARRTEY; 7
TH _1b/eu £ d
Yy | Water content Yo % % % %
é Void ratio eq :
& [ saturation 8. ] % % %
6 5 10 15 20| % 'Final back pres-
& sure, 1/sq £t Yo
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APFENDIX C

DETAIIED COST ESTIMATE



01.

03.

‘ Ou.

DETAILED COST.ESTIMATE

- Suly 1972 Price Level)

: ' o .7 o Unit - Estimated
Description ::Quantity Unit = Price: Amount
Lands and Damages
- Lands, Acquisition & -
Resettlement $ 1,500,000
Re;ocations
Roads 1 4 Job ¢ L.Si 1,143,000
Telephone 1 Job L.S. 53,600
Electric 1 Job Ll S. 292000
- Sub-Total 1 225 600
Contingencies 8h,h00
. TOTAL RELOCATIONS $ 1,410,000
Reservoir . ;
Log Boom 1 “gob - L.8. $ 10,000
Reservoir Clearing 175 Ac. $900 157,500
. Grubbing & Stripping 166 Ac. $2, hoo 398,400
Contingencies 84,100
TOTAL RESERVOIR $ 650,000
Dam
' Preparation of Site 1 Job 1.8, $ 15,000
River Piversion 1 Job - - L.S. 10,000
Control of Waters 1 o Job' L, 8. - 95,000
Unclassified Excavation 293,000 2 CY, 7 $1.00 293,000
. General ‘ _ -
Untclassified Excavat1on . 1,160,000 c.Y. $1.30 1,508,000
Rock Excavation - Open Cut 56,000 c.Y. $h.20 235,200
Hand Cleaned Bedrock Surface 100 Sq. $35.00 3,500



Unit Estimated

Description : v Quantity - Unit . Price Amount
Ok, Dam

Compacted Impervious Fill . 720,000  C.Y. $ @ .ko $ 288,000
Compacted Random Fil} - 370,000 C.Y. ~Jbo . 148,000
Compacted Pervious Fill : 77,000  C.Y. Lo 30,800
Backfill Gravel o 3, c.Y. 6,5 - 19,500
Compacted Drainage Fill 86,000  C.Y. 5,00 430,000
Compacted Impervious Backfill 8,000 c.Y, . 6,00 h8 000
Road Gravel 3,700  C.Y. 3.20 ;11,8h0
Gravel Bedding ‘ B . 55,000 - C.Y,. 2.00 . 110,000
Spoil Fill ' h 12,000 c.Y, . .Jo- . . -h,800
Uncompeacted Imperviqus Fill - 24,000 C.Y, Y- I k 800 .
Additional Embankment Rolling .7 200 - Hrs. 30,00 ‘ 6 000
Rock Protection S - 68 ooo C.Y, 3.10 ---~vv210 7800
Foundation Grouting . - Job L.S, L 25,000
Concrete - Walls & Weir o 1,830 C.¥Y, . 75.00 137,250
Concrete ~ Spillway Lining 570 c.Y, - 90,00 . 51,300
Concrete Intske Tower to El. 845 - 1,020 c.Y. = 80.00 .81, 600
Céncrete Intake Tower above El. 845 . 80 c.Y. 180.00 1k, hOO
Concete - Inlet Structure _ 140 ¢.Y, - 90,00 .. 12, 600
Concrete - Stilling Basin o 230 C.Y. . 90,00 - 20,700
Concrete - Trangition & Cenduit ~1,1s0 - C.Y. /90,00 102, 600
Concrete - Bridge Abutment & Piers f h90 c.Y. “75.00 0 36,750
Concrete - Service Bridge Deck , 90 C.Y. 110,00 - - 9,900
Cement - 8,400  Bul, 6.50 \ -5&,600
Steel Reinforcement o - -330,000 Lbs., . - .25 . 82,500
Rubber Water Stop L 400  IL.F. ' 5.00 . 2,000
" Anchors _ ... 130 ' es. 50.00 . . 6,500
Structural Steel ~ Mise. . = 7,000 Lbs. 60 4,200

. - Structural Steel Service Bridge o 1 Job - L.S, w0 75,000
- Aluminum o o " 8,800. Lbs. 3.00 26,400
Misc. Metals - . 8 000 - Lbs, 2,00 . 16,000
Intake Tower - Superstructure 1 Job L.S. 5,000
Gate Vent System 1 Job L.S. 10,000
Float Well & Accessories - 1 Job L.3. 6,000
Heating & Ventilating System 1 Job . L,S, -%,000
Hydrasulic Gates & Machinery 1 Job L.S. 70,000
Emergency Stop Gate 1 Job L.S. 10,000
 Elevetor ' 1 Job L.S, 25,000
Water Quality System Pipes and Gates 1 Job - L.S. 30,000
Crane and Hoist ' 1 L.8 5,000
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19.

" Description
Dam

Diesel Engine

Sump Pump

Electric Work

Tile Gage

4' Chain Link Fence
18' Double Swing Gate
Topsoiling

Seeding
o Guide. Rail

Sub-Total

 Contingencies (15%)

TOTAL DAM

Roads

" Roads

Contingencies
TOTAL ROADS

Recreation Facilities

Recreation

Contingencies

TOTAL RECREATION FACILITIES

Building, Grounds and
Utilities

Bldg., Grounds & Util.

Contingencies

§ Unit Estimated
- . Quantity Unit Price -Amount
1 Job L.S. $ 6,000
1 Job L.S. 2,000
1 Job L.S. 25,000
B | Job  L.S. 2,000
1,300 L.F, - %00 5,200
1 Ea. %00.00 . ., k400
4,000 c.Y. ' -7.00 - 28,000
2 Ac. = 800,00 . L,000
lF,OOO‘ LQF‘I.“"‘ “ 36'90' e s 12:’900 T
4,481,140
T e e 668 -860.
$5,150,000
1 Job L.S. 4,300
700
$ 5,000
1 Job L.S. 13,000
2,000
$ 15,000
1 Job L.S. 113,000

TOTAL BUILDING, GROUNDS & UTILITIES

c-3

17,000
$ 130,000



o : Unit Estimated
Description B - Quantity  Unit Price Amount,
20. Permanent Operating Equipment '

Perm. Oper. Equipment , 1 Joo t..'s‘..\ $ . 52,000
Contingencies - ' | . S 8,000
" 'TOTAL PERMANENT OPERATING EQUIPMENT $ 60,000

30, Engineering & Pesign . § 0,000
31. .@é?jviision &‘Adﬁini-st;rétid.!i" ' ‘ : § :6.70,000'

 JOPAL PROJECT FIRST COST o ‘ o $10, 500,000
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